Promoted by RuCl 3 .3H 2 O coordination in the mixed solvent DMF/H 2 O, diverse in situ S-S bond reactions such as S-S bond scission and S-oxidation occurred in the disulfide ligand of 2,2'-dithiodibenzoic acid acid (dtdb) to yield the new sulfinato-benzoate ligand (sb). The X-ray analysis of complexes of [Ru(phen) 2 (sb)] (1) and [Ru(bipy) 2 (sb).H 2 O] (2) revealed that in both complexes, the ruthenium ion was found to be in an octahedral geometry, coordinating to the sulfur atom, rather than the oxygen of sulfinate. The complexes were found to be active against the bacterial strains tested with MIC ranging from 14.3-261 µM. In addition, the metal complexes present strong DNA binding affinities constants in the major or minor grooves at the order of magnitude 10 3 -10 5 M −1 . The antioxidant activities of the ligand and its metal complexes were investigated through scavenging effects for DPPH in vitro, indicating that the compounds show stronger antioxidant activities than some standard antioxidants, such as ascorbic and vitamin C.
In situ metal/disulfide reactions under slow diffusion conditions undergo S-S mediated bond reactions, such as S-oxidation, S-S and C-S bond scission. This is a very important research field in coordination chemistry as it leads to structurally novel coordination architectures with interesting physical properties [1] [2] [3] . In this respect, the use of organosulfur compounds containing carboxylate groups can be attractive due to their flexibility and versatile coordinating modes of both sulfur and oxygen atoms and, generating unprecedented coordination frameworks M A N U S C R I P T ACCEPTED MANUSCRIPT 2 which can act as linkers between inorganic moieties [4] [5] [6] [7] [8] . Up to now, a series of transition metal complexes have been found to react with 2,2'-dithiodibenzoic acid (dtdb), giving rise to 1D chains, 2D sheets or 3D network whereby the carboxylate act as monodentate or bidentate donor with or without cleavage of the S-S bond [9] . Recently, we have isolated new copper(II) coordination polymers, whereby dtdb underwent simultaneous S-S and C-S scission under slow diffusion conditions, leading to the formation of 1D coordination polymers [10] . In the presence of 1,10 phenanthroline (phen) and 2,2'bipyridine (bipy), in addition to extrusion of the sulfur atom, the oxidation of sulfur to a sulfate ion was observed. These observations, coupled with the fact that there are no reports of ruthenium complexes derived from dtdb, stimulated our interest to investigate its coordination behavior. Hence, in this work we report for the first time new coordination polymers obtained from RuCl 3 .3H 2 O and dtdb in the presence of phen and bipy, which exhibit sulfinato-benzoate units. The fluorescent, antioxidant and antibacterial properties of the complexes have also been studied, since ruthenium complexes is considered as an attractive alternative to platinum in anticancer drug design and biological applications [11] [12] [13] due to its lower toxicity toward healthy tissues [14, 15] .
The mononuclear ruthenium(II) complexes [Ru(phen) 2 C-NMR, X-ray, UV, and elemental analysis. The complexes were found to be stable at room temperature, non-electrolyte and insoluble in most organic solvents except DMSO.
The X-ray crystallographic data of 1 and 2 are given in Table 1 while selected bond lengths and bond angles are listed in Table S1 . The structures of complexes 1 and 2 crystallize in triclinic and monoclinic systems respectively. Their configuration is based on the in situ reaction of the disulfide ligand cleavage to form the new sulfinato-benzoate ligand, (C 6 H 4 )(SO 2 )(COO)
-(sb).
The Ru(II) ion in both complexes is six-coordinated and resides in a distorted octahedral [ON 4 S] coordination geometry ( Fig. 1) , where the metal ion is coordinated to four nitrogens of the phen/bipy moieties, one oxygen and one sulfur of sb. The oxidation of sulfur to sulfinates has been reported [16, 17] , however this is a rare example where the metal ion is coordinated to the sulfur atom, rather than the oxygen of sulfinate. The overlay of the structures of both molecular species match each other closely, however their packing arrangements differ. This is due not only to the symmetry of the different space groups, but also to the fact that the structure of 1 is composed of two chemically identical but crystallographically unique molecules in the asymmetric unit, whereas 2 has only one. In structure 2 the ligand sb shows rotational disorder in a 0.70:0.30 ratio. The dihedral angles between the two least square planes formed by the disordered sb ligand and the phenanthroline ligand trans to the Ru-S bond are 63.8(2) and 61.8(4)°.
The Ru-N, Ru-O and Ru-S bond lengths in complexes 1 and 2 were found to be in the range of 2.046(3)-2.130(3), 2.075(2)-2.103(10) and 2.217(1)-2.232(1) Å and agree well with previous reports [18, 19] . The S-O bond lengths are in the range of 1.465(3)-1.489(3) Å, typical of the S=O bond [20] . The carboxylate groups in both complexes adopt the µ1:ƞ1:ƞ° monodentate coordination mode [21] . The N-Ru-O bond angles in the axial plane in 1 and 2 are 171.9(1) and 166.4(3), deviating from the perfect octahedral geometry. The angles in the equatorial plane are in the range of 78.3(3)-97.3(1)°. In addition, the structure of 1 contains interchain π-π stacking interactions between the pyridyl rings of the phen moiety, with centroid-centroid separation ranging from 3.592-3.835Å. There are additional π-π stacking interactions between the sb ligands from one of the unique molecules within 1 (3.820 Å). The π-π stacking interactions which are present within 2 differ to 1 as they occur between the benzoate ring and one half of the bipy moiety (C221-C225 (Table S2 ).
The infrared spectral bands that are most useful in determining the coordination modes of the ligand towards the ruthenium metal are ν(C=O), ν(C-S) and ν(Ru-N). The ν(C=O) band in the free ligand shifted from 1674 cm -1 to 1648 and 1654 cm -1 in 1 and 2 respectively, a clear indication of monodentate type of coordination [22] . The characteristic band of ν(C-S) at 896 cm -1 in dtdb is shifted to lower frequency (857 cm -1 ), due to coordination of the sulfur atom [23] .
The new peaks at 445 and 463 cm -1 may be ascribed to Ru-O and Ru-N vibrational frequencies respectively [24, 25] . The peaks at 1347 and 1357 in the IR spectra of 1 and 2 confirmed the presence of S=O bonds [26] . The 1 H-NMR spectra showed two peaks due to protons adjacent to the nitrogen atom in phen and bipy at 10.59 and 8.84 ppm and 10.02 and 8.64 ppm for complex 1 and 2 respectively. The remaining aromatic protons were found in the region of 8.85-7.24 ppm. The peaks at 169.7(1) and 169.6(2) ppm in the 13 C-NMR spectra were due to the carboxylate oxygens.
The absorption spectra of the ligand and the two metal complexes in DMSO are characterized by intense π-π* ligand transitions and metal-ligand transitions in the visible and UV region respectively. The π-π* and n-π* transitions in the UV spectrum of dtdb were observed at 262 and 294 nm. The highest energy band at 268 nm in the spectrum of 1 is assigned to the π-π* transition while the band at 444 nm is due to MLCT transition [27] . While in complex 2, three bands were observed at 259, 294 and 464 nm, corresponding to the π-π*, n-π* and MLCT transitions respectively. The photoluminescence properties of the compounds were studied at room temperature in DMSO (Fig 4) . Dtdb showed a broad band at 416 nm upon excitation at 294 nm. The mononuclear complexes 1 and 2 showed medium broad bands emission at 362 and 385 nm, upon excitation at 323 nm, which mainly arise from intra-ligand mixed with a metalligand charge transfer (MLCT) transitions [28, 29] . The decrease in fluorescence intensity the ligand by transition metal ions during complexation might be due to operations such as redox activity, magnetic perturbation and electronic energy transfer [30, 31] 
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The antibacterial activities of the ruthenium(II) complexes were evaluated against three Gram positive bacteria and one Gram-negative bacterium using the microbroth dilution method [32] . [33] . It is known that chelation leads to a reduction in the polarity of the metal atom, caused by the partial sharing of its positive charge with donor group and possible n-electro delocalisation over the whole ring [34] . The lipophilic character of the metal chelate is thus increased and favors its permeation through lipid layers of the bacterial membranes.
The binding affinities of Ru(II) complexes with DNA are well-known [35] [36] [37] . In this study, complexes 1 and 2 at a concentration of 25 µg/mL were titrated with increasing amounts of CT-DNA in phosphate buffer (pH = 7.4) and their spectral behavior was studied using UVspectroscopy. A significant increase in absorbance (hyperchromic effect) at 225 and 284 nm accompanied by a moderate blue shift 1-2 nm was observed in the UV spectra of 1 and 2 (Fig 5) . These observations indicate that the complexes bind either to the external contact (electrostatic binding) or to the major and minor grooves of DNA. This groove binding results in structural reorganization of CT-DNA which entails partial unwinding or damage of the double helix at the exterior phosphate backbone leading to the formation of a cavity to accommodate the complexes [38] . The calculated intrinsic binding constants, K b , obtained from the absorption spectral technique for 1 and 2 were 6.67 × 10 3 and 6.67 × 10 5 M -1 respectively, with complex 2 showing higher affinity towards DNA.
Because the novel complexes were found to possess good binding affinities, it is considered worthwhile to investigate their antioxidant activities, which are considered as the potential method to cure various life-style related diseases [39] , were studied using the DPPH assay [40] and were expressed as 50% inhibitory concentration (IC 50 in μM). The IC 50 values of the dtdb, 1 and 2 were 5200, 63.1, and 23.9 μM, respectively. The metal complexes clearly show higher activities compared to the free ligand and standard vitamin C (129.6 µM) [41] . Complex 2 was found to be a better antioxidant agent compared to complex 1, which is well related to its electron releasing capacity. Compounds having lower energy gap (ΔE = Δ LUMO -Δ HOMO ) are classified as good electron-releasing species and antioxidant agents. From Fig. 6 ., it can be observed that, complex 2 has the lower energy gap, confirming its higher antioxidant capacity compared to complex 1. The synthesized complexes have a strong potential to be applied as scavengers to eliminate the radical.
The in vitro cytotoxicity of complexes 1 and 2 was evaluated against lung fibroplast (MRC-5) cells. The cytotoxicity was tested by measuring the ability of viable cells to metabolize a tetrazolium salt to a soluble, brightly coloured purple formazan derivative product (MTT assay) as indirect measurements of cell viability. The complexes revealed no cytotoxic activity at the concentrations tested (0 -50 µg/mL). The findings of this paper would be useful for the development of therapeutic agents binding to DNA in their minor grooves without causing harm to normal cells. Thermal ellipsoids are drawn at 50% probability level.
Fig. 2 -
The X-ray crystal structure packing of 1 viewed down crystallographic axis A (Ru(phen) 2 (sb)). Thermal ellipsoids are drawn at 50% probability level. 
